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InTRoDuCTIon
Research on invasions of communities has become a global phenomenon (Gurevitch & Padilla, 2004; Pyšek et al., 2008; vitousek & Walker, 1989) . Most attention is paid to properties of species that make them successful invaders (Burton et al., 2009) , and properties of communities that make them invasible (BattiPaGlia et al., 2009; herBen, 2008) . According to aBBitt et al. (2000) , Gurevitch & Padilla (2004) and Wilcove et al. (1998) invasions by non-native species is a leading cause of recent species extinctions.
Forests are considered to be relatively stable ecosystems (Muller-scharer et al., 2004) . They are rich in native species and are less likely to be colonized by alien invasive plants (didhaM et al., 2005) . Comparative data in invasion ecology show that disturbance enhan ces community inviability (lake & leish- Man, 2004; thoMson & leishMan, 2005) , because such communities are not fully consistent. These disturbances may be induced by natural phenomena or by human activities (dale & adaMs, 2003) .
In Europe, Impatiens parviflora DC. is an alien species native of Central Asia (cooMBe, 1956 ). The first sample of this species in Europe was collected at the Botanical Garden of Dresden, Germany in 1837. Since then I. parviflora has spread in many European countries (FoEn, 2006) . It has naturalized in a large part of Europe except the Mediterranean region. This species often occurs in disturbed forests (Graae et al., 2003; Graae et al., 2004) and riparian communities; however, the invasion of I. parviflora in natural habitats (Graae et al., 2003) with higher richness of native species (chMura & sierka, 2006) is noted.
In Lithuania, I. parviflora first was recorded in 1934. This invasive species is diffusely distributed throughout the whole territory of the country and has invaded both natural and anthropogenic habitats: forests, forest cutting areas, waste lands, river banks, gardens, railways (GuDžinskas, 1998) . I. parviflora is included in the list of invasive species in Lithuania, because it poses a threat to biodiversity and the ecosystems (aPlinkos Ministerija, 2004) .
The aim of the study was to test the morphological parameters of I. parviflora for the ability of this species to form the inflorescence and seed bank under different environmental and intraspecific competition conditions, to evaluate the intraspecific competition properties and the impact of this alien plant on the native plant species and forest communities.
MATERIALS AnD METHoDS
The investigations on the impact of Impatiens par viflora on forest communities were performed in July 2008. Three different populations of this species were analysed. In each population I. parviflora was studied in two transects (25 × 1 m each), which were divided into 50 sampling plots of 1 × 1 m in size. Direction of transect depended on the character of distribution of individuals, density and size of the population.
Morphometric parameters (plant height, distance from the ground level to the base of first lateral branch, length of inflorescence, and number of lateral branches) and the group of maturity were registered.
Forests were classified visually into three classes according to the coverage of tree layer: (1) During field investigations, the structure of plant community, species diversity and their coverage were estimated. Species abundance and coverage were estimated according to the six-grade J. Braun-Blanquet scale (natkevičaitė-ivanauskienė, 1983) .
nomenclature of vascular plant species and species status in Lithuania follows the checklist "Vascular Plants of Lithuania" (GuDžinskas, 1999) , moss species -"Mosses of Lithuania" (Jukonienė, 2003) .
Similarity of plant species diversity between the study areas was evaluated using the Jaccard similarity coefficient (C J ) (jonGMan et al., 1995) :
where a -the number of species in one sample plot; b -the number of species in the other sample plot; c -the number of species in both sample plots.
For each species recorded in this study, separately for each habitat type, we calculated its relative frequencies of occurrence (BroWer & Zar, 1984) :
where j -the number of plots, in which species 'i' was recorded, and k -the total number of plots.
For a statistical analysis of the data Statistica 6.0 software was employed. Descriptive statistics were used to compute summary data such as means, medians, standard deviations, etc. The correlations between the coverage of Impatiens parviflora and herb layer, also between the coverage of I. parviflora and mosses were calculated using the Pearson correlation coefficient.
CHARACTERISTICS oF THE STuDy AREAS
The sites selected for the investigation of Impa tiens parviflora populations were situated in three different forest habitats in the environs of the northern part of Vilnius. The anthropogenic influence, trophic and hydrological conditions of the habitats as well as illumination were different in the selected study areas. The populations of I. parviflora were named according to the dominant first tree layer.
pine forest. The first population of I. parviflora was selected in Pinus sylvestris L. forest with abundant herb layer. The coverage of the first tree layer was about 60 %; herb layer -70 % ( The sampling area was selected in the forest of Augustai in the territory of Vanagynė Geomorphological Reserve. The study area was away from the city, roads and tracks, so the plant community was less influenced by human activities; also the habitat was dry and sufficiently well illuminated.
spruce forest. The second population of Impa tiens parviflora was selected in the forest, where dominant tree was Picea abies (L.) H. Karst, but the coverage of herb layer in this plant community was sparse (20 %). Human activities in the location were not observed. The coverage of the first tree layer was about 80 % (Table 1) . Together with Impatiens parviflora grew Oxalis acetosella L., Hepatica nobi lis, Urtica dioica L. The coverage of mosses in the habitat was large (about 80 %).
The study area was located in Vanagynė forest. The conditions of the habitat were influenced by dense spruce tree of the same age: it was cold, wet and dark.
pine forest edge. The last population of Impa tiens parviflora was studied on the pine forest edge. The first tree layer was dominated by Pinus sylves tris and the coverage of the layer was about 30 %. The coverage of Impatiens parviflora in this population was about 90 % (Table 1) . In this place, other non-native plants such as Sambucus nigra L., Ribes rubrum L., Solidago canadensis L., Vinca minor L., Tropaoelum majus L., Galinsoga parviflora Cav., Dianthus barbatus L., Impatiens glandulifera Royle were also abundant. In the moss layer prevailed Pleurozium schreberi, Dicranum polysetum Sw. and Hylocomium splendens (Hedw.) Schimp.
The sampling plot was arranged in Avižieniai forest, near Avižieniai communal gardens, in a dry, well-illuminated forest habitat near the road and situated at the narrow zone where fallen leaves and other plant remnants were dumped. Thus, the area was disturbed by human activity. 
RESuLTS
The number and density of Impatiens parviflora individuals in the studied populations were very different. The I. parviflora population in the pine forest was exceptionally abundant -1803 individuals were found in the sample plots. In the spruce forest -263 and on the pine forest edge -1310 individuals were found. Respectively, the greatest density of I. par viflora individuals was in the pine forest -36.06 ± 12.62 individuals/m 2 ( Table 2 ). Comparison of the populations according to the coverage and number of I. parviflora individuals in the sample plots showed that the greatest number of individuals was not in the population, which had the highest coverage of the invasive species. The highest coverage of I. parviflora was found in the pine forest edge population (it varied from 60 to 100 %); however, the greatest number of I. parviflora individuals per 1 m² was in the pine forest population (it varied from 11 to 62 individuals/m²). The coverage of I. parviflora in the pine forest population varied from 20 to 70 %, in the spruce forest population from 5 to 20 % ( Table 2) .
The investigation revealed that the height of I. parviflora individuals, the height of plants up to the first lateral branch and the height up to the inflorescence in the studied population were significantly different (Table 3) .
The greatest variation of height of I. parviflora was revealed in the pine forest edge population (it varied from 27.00 cm to 111.00 cm) (Fig. 1) . In the pine forest population, which was characterized by extremely large number of I. parviflora individuals, the investigated plants were lower: their height varied from 3.00 cm to 54.50 cm; the height of vegetative plants was up to 24.00 cm. The lowest height of individuals was in the population of spruce forest. Correlation between the maximum height of vegetative and generative I. parviflora individuals in this population was not significant (Table 3) . In the process of the analysis, the height of I. parv iflora individuals up to the inflorescence was measured. In the pine forest edge population the average height up to the inflorescence was the highest compared to other studied populations -62.69 ± 0.37 cm. In the pine forest and in the spruce forest populations the average was similar: 23.77 ± 0.15 cm and 19.23 ± 0.25 cm, respectively (Table 3) .
The largest number of I. parviflora lateral branches in the pine forest and in the pine forest edge populations was similar (5 and 6 lateral branches, respectively). However, the greatest average of lateral branches was in the pine forest edge populations. Also in this population the heights of I. parviflora individuals up to the first lateral branch were the greatest (Table 3 ). In the spruce forest population all plants were without lateral branches.
The analysis of I. parviflora populations revealed that the height of plants up to the first lateral branch, the number of lateral branches and the height up to the inflorescence depend on the height of I. parvi flora individuals, because correlation among these characters in all studied populations was statistically significant (Table 4) .
The investigation on maturity groups revealed that generative I. parviflora plants in all studied populations dominated and populations according to this character did not differ significantly. In the pine forest edge population all individuals were at generative stage. In the pine forest population generative plants comprised 94.70 % and in the spruce forest population -93.08 % of the total number of plants.
The total number of species recorded in the sampling plots of the pine forest edge population was 34, in the pine forest population 28 species were recorded. In the sampling plots of spruce forest population 16 species were registered (Table 2 ). In all cases I. parviflora was excluded from the calculation of species number. The coverage of mosses in these habitats was very different (varied from 20 to 80 %), but the composition was very poor (the composition of mosses was discussed above).
The analysis of frequency of the plant species registered in all studied areas revealed a group of species that occur in most of the investigated areas. only two herbaceous plant species were registered in all study areas: Urtica dioica and Oxalis acetosella (100 % frequency); three species were recorded in two study areas: Rubus idaeus, Maianthemum bifo lium and Dryopteris carthusiana (66.67 %).
Similarity of plant species diversity coefficient va lues established in the study areas was rather low. The highest coefficient values were revealed between the pine forest and the pine forest edge study areas (C J = 0.51; 21 common species). The lowest similarity was between the spruce forest and the pine forest (C J = 0.22; 8 common species) as well as between the pine forest edge study areas (C J = 0.25; 10 common species).
Correlation between the coverage of I. parvi flora and the coverage of mosses, also between the co verage of I. parviflora and other plant species in all studied populations was negative and statistically significant. The strongest correlations among these characters were in the pine forest edge population (r = -0.82 and r = -0.78 (Fig. 2) , respectively), whereas correlations of these parameters in the spruce forest population were not very strong compared to other studied populations (Table 5) . 
DISCuSSIon
Impatiens parviflora is a species with wide ecological amplitude, what probably contributes to its invasiveness and enables success in colonizing and persisting in forest ground vegetation . This invasive species can occur on moderately shade (plants occurring chiefly in shade places) or moderately light (plants occurring chiefly in full light) (ZarZycki et al., 2002) . Therefore, our analysis of the phenotypic variations of I. parviflora in different habitat types showed a significant difference in morphometric parameters and density of this species between these populations. eleMans (2004) points out that for annual species, which do not have the opportunity to draw from the resource stock in their sto rage organ in adverse growing conditions, plasticity might be an essential trait to survive in variable environments.
The investigation revealed that lower number of I. parviflora individuals was in the populations occurring in the plant community dominated by Picea abies (spruce forest population), which is characterized by large (80 %) coverage of the first tree layer. Dense tree canopy influenced negatively herb layer and the co verage both of native herbs and Impatiens parviflora was also low. According to alston & richarDson (2006) and rose & herManutZ (2004) low levels of light availability limited alien plant invasion in forest habitats. However, I. parviflora as a shadetolerant species is capable to exist on such conditions (chMura & sierka, 2006), so even poor illumination is sufficient for survival of I. parviflora individuals. But in the spruce forest population, the average height of the I. parviflora individuals was the lowest compared to other studied populations. In this population, the inflorescence bases of some generative plants were in the height of 13 cm, although the stem height was only 17 cm. So, the inflorescences were formed by lower plants due to the deficiency of light and nutrients. Ability to form ge nerative organs in any conditions is an important factor influencing the spread of alien species into natural areas (alston & richardson, 2006) . However, the plants did not develop lateral branches; nonetheless the density of I. parviflora individuals in this population was lower.
In other investigated populations of I. parviflora, the aboveground mass of the individuals was increasing by increasing the amount of illumination: the plants were thicker and developed larger number of lateral branches. The growing aboveground mass increases the assimilation surface of the plant (Falinska, 1998). Peace & GruBB (1982) also indicated that at high light availability I. parviflora had the highest biomass, and at low light levels, it was the lowest. It was observed that the aboveground biomass of I. parviflora decreased with the increasing number of individuals in these po pulations; however, this relationship was not found between the biomass and coverage of I. parviflora.
Peculiarities of the soil also may have contributed to these results, though eleMans (2004) indicates that the main factor affecting plasticity in biomass allocation of I. parviflora is light. According to this invasive species reveals two optima of soils reaction: I. parviflora are located on very strongly and strongly acid soils and the second is associated with neutral soils where it is more frequent than on slightly acid and alkaline soils (pH range from 2.75 to 8.50). The results of our study demonstrate that the lower number of I. parviflora individuals (263), the lower plants (18.21 cm) and shorter height to the inflorescences (ave rage -13.26 cm) were established in the plant community with Picea abies. It is known that the forest of Picea abies is relatively poor in nutrients (oBerdoFer, 1994) . And otherwise, the greater the number (1320) of Impatiens parviflora individuals, the higher plants (average -83.48 cm) were registered in the population, which was located in humus-richer soil in the pine forest edge. This habitat characterizes very clear anthropogenic activities: the fallen leaves and other plant remnants were dumped there. According to chMura et al. (2007) in such place the amount of humus, nitrogen and organic carbon could be very high.
Strong correlation between the height of I. parvi flora individuals and morphometric parameters of the other aboveground parts (height to the basis of the first lateral branch, the number of lateral branches and stem height up to the inflorescence base) can be interpreted as the growth of I. parviflora being continuous over time. The results of this study show that the generative plants in all the populations prevail, regardless of the density of individuals and the environmental conditions. So this invasive plant can mature seeds in different conditions and maintain population stability. Vegetative individuals were very low, so we think that they were overwhelmed by higher individuals and unable to develop the generative organs until the end of the growth season.
chMura & sierka (2007) indicated that the impact of I. parviflora on the species diversity of invaded communities is very little and much less dramatic than of other invasive species, in spite of the fact that negative correlation between the coverage of I. parviflora and the percent coverage of neighbouring species was revealed. The results of our study demonstrate that the impact of I. parviflora is associated with the degree of its dominance, because in the sites with high levels of I. parviflora invasion was maximum loss in native species richness and diversity. For example, in the pine forest edge population the correlation between the coverage of I. parviflora and other species was statistically significantly negative and strong (Fig. 2) (2009) the decrease in species evenness, and consequently diversity, is mostly driven by the coverage and height of invading species, independently of species identity. In the pine forest and the pine forest edge sampling plots, Impatiens parviflora have on average higher coverage (Table 2 ) and height (Table 2 ) than native species (Table 4) . The highest impact on species richness indicates that the impact of such invaders is not restricted to the community level, but represents a serious hazard also at the landscape scale (hejda et al., 2009) .
native plant species richness in the spruce forest population did not correlate with the number of I. parvi flora individuals. In this community the coverage of I. parviflora and neighbouring species was lower (average 12 % and 15 %, respectively) ( Table 4) . A much higher density of I. parviflora in altered by human activity communities than a relatively natural unequivocally shows that species-rich natural forest communities are much more resistant to the invasion of I. parviflora than those degraded and altered by human activity.
ConCLuSIonS
The investigated communities differ significantly one from another in richness and total coverage of herbaceous species. This indicates that I. parviflora may establish in different habitats. The coverage and abundance of this invasive species significantly de-pends on the anthropogenic influence, the level of illumination and nutrient availability.
These studies suggest that the effect of I. parviflo ra on species composition was different and depends on the density of the I. parviflora individuals as well as on morphometric parameters of individuals. The correlation between the invasive species coverage and the number of synanthropic species in all communities was statistically negative.
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